METHODS:
We studied 362 833 infants weighing 501 to 1500 g without major birth defects born from 2000 to 2013 and who were hospitalized for 15 to 175 days at 736 North American hospitals in the Vermont Oxford Network. Average growth velocity (GV; g/kg per day) was computed by using a 2-point exponential model on the basis of birth weight and discharge weight. Postnatal growth failure and severe postnatal growth failure were defined as a discharge weight less than the 10th and third percentiles for postmenstrual age, respectively.
RESULTS: From 2000 to 2013, average GV increased from 11.8 to 12.9 g/kg per day. Postnatal growth failure decreased from 64.5% to 50.3% and severe postnatal growth failure from 39.8% to 27.5%. The interquartile ranges for the hospitals participating in 2013 were as follows: GV, 12.3 to 13.4 g/kg per day; postnatal growth failure, 41.1% to 61.7%; and severe postnatal growth failure, 19.4% to 36.0%. Adjusted and unadjusted estimates were nearly identical.
CONCLUSIONS: For infants weighing 501 to 1500 g at birth, average GV increased and the percentage with postnatal growth failure decreased. However, in 2013, half of these infants still demonstrated postnatal growth failure and one-quarter demonstrated severe postnatal growth failure.
WHAT'S KNOWN ON THIS SUBJECT:
Postnatal growth failure is common for very low birth weight infants. Although many of the major morbidities experienced by these infants during their initial NICU stays have decreased in recent years, it is unclear whether growth has improved.
WHAT THIS STUDY ADDS:
For infants weighing 501 to 1500 g, average growth velocity increased and postnatal growth failure decreased from 2000 to 2013. Still, in 2013, half were discharged with a weight below the 10th percentile for postmenstrual age. The goals for the nutritional management of preterm infants, first proposed in 1977 by the American Academy of Pediatrics Committee on Nutrition, 1 are to achieve a growth rate and a composition of weight gain similar to those of a normal fetus. [2] [3] [4] [5] [6] Despite these goals, poor postnatal growth is a nearly universal problem among very low birth weight (VLBW) infants. 7, 8 Furthermore, growth failure is associated with both adverse neurodevelopmental and growth outcomes in early childhood and adulthood. [9] [10] [11] [12] In an attempt to promote improved growth and prevent the associated adverse outcomes, efforts have increased in recent years to optimize nutritional support in the NICU. [13] [14] [15] Such efforts have included the early initiation of parenteral nutrition, increased protein administration, the early initiation of enteral feedings, and a focus on human milk and breastfeeding. 16, 17 The effects of these interventions on growth are uncertain.
Compared with preterm infants who do not experience major morbidities, preterm infants with necrotizing enterocolitis, bronchopulmonary dysplasia, and late-onset infection experience slower growth. 9, 18 In recent years, the rates of these morbidities have decreased. 19 How these decreases have affected growth is also uncertain.
In light of the recent changes in nutritional practices and the reductions in major morbidities, we hypothesized that growth during the initial hospitalization would be improved for VLBW infants. To test this hypothesis we analyzed average growth velocity (GV) and postnatal growth failure for infants born from 2000 to 2013 weighing 501 to 1500 g at birth in the Vermont Oxford Network database.
METHODS
Vermont Oxford Network member hospitals submitted deidentified data for infants weighing 401 to 1500 g at birth or at 22 to 29 weeks of gestation, who were born at their hospitals or transferred to them within 28 days of birth. Local staff collected data using uniform definitions. 20 No protected health care information was collected. The Committee on Human Research at the University of Vermont approved the use of the database for research.
Subjects
The study included infants born at North American centers weighing 501 to 1500 g without major birth defects who survived to discharge from the hospital or transfer to another hospital between 15 and 175 days after birth. Infants with extreme values for GV (.4 interquartile ranges above the third quartile or 4 interquartile ranges below the first quartile) were excluded.
Growth Measures
Average GV (g/kg per day) was computed for each infant on the basis of Patel et al's 2-point exponential model. 21, 22 The 2 points were birth weight and discharge weight. The Fenton growth charts were used to calculate the percentage of infants with postnatal growth failure, defined as a discharge weight less than the 10th percentile for postmenstrual age, and severe postnatal growth failure, defined as a discharge weight less than the third percentile for postmenstrual age. 23 
Statistical Analyses
Mixed-model analysis of variance was used to evaluate changes in average GV over the study period. Generalized estimating equations (GEEs) were used to evaluate changes in the percentage of infants with postnatal growth failure and severe postnatal growth failure. Birth year was included as a categorical fixed factor in all models, whereas birth hospital represented a random factor in mixed linear models and a clustering variable in GEE models. All outcomes were analyzed unadjusted, adjusted for infant characteristics, and adjusted for infant characteristics, any ventilation, and any major neonatal morbidity. 24 Infants were classified as having a major neonatal morbidity if they had $1 of the following conditions before discharge from the reporting hospital: early bacterial infection in blood or cerebrospinal fluid within 3 days of birth, late bacterial (including coagulasenegative Staphylococcus) or fungal infection in blood or cerebrospinal fluid $3 days after birth, necrotizing enterocolitis (bilious gastric aspirate or emesis, abdominal distension, gross or occult blood in the stool and pneumatosis intestinalis, hepatobiliary gas, or pneumoperitoneum), chronic lung disease (supplemental oxygen at 36 weeks' postmenstrual age or oxygen status at discharge for infants discharged before 36 weeks), cystic periventricular leukomalacia, severe intraventricular hemorrhage, 25 or severe retinopathy of prematurity. 19, 20, 26 Descriptive analyses were performed within strata defined by birth weight categories, gestational age, initial disposition, and length of stay. Changes in demographic characteristics from 2000 to 2013 were evaluated by using mixed-model analyses of variance and GEE logistic models. Length of stay was log transformed before analysis; geometric means are presented. To evaluate the potential effect of changes in participating hospitals over time, primary analyses were repeated for the 254 hospitals that participated for all 14 years. All statistical analyses were performed by using SAS Statistical Software version 9.3 (SAS Institute, Cary, NC).
RESULTS
From 2000 to 2013, 736 North American hospitals participated in Vermont Oxford Network (Supplemental Table 5 ). Of these, 85% were members for $4 years, 64% for $8 years, and 35% for all 14 years. Fourteen percent of the hospitals performed ventilation without restriction and major surgery including cardiac surgery, 44% performed ventilation without restriction and major surgery except for cardiac surgery, and 42% had restrictions on ventilation or surgery. The median annual number of VLBW infants at the hospitals was 63 (interquartile range: 34-111).
From 2000 to 2013, 390 801 eligible infants were born at participating hospitals without major birth defects and survived until discharge from the hospital or transfer to another hospital. Of these, 364 917 had lengths of stay between 15 and 175 days. The exclusion of 1356 cases with extreme values for GV and 728 cases who were missing data needed to calculate GV resulted in a final sample size of 362 833.
From 2000 to 2013, the percentage of black (28.2% to 30.0%; P , .001), Hispanic (13.7% to 17.2%; P , .001), and infants of other races (4.9% to 7.5%; P , .001) increased, whereas the percentage of white infants decreased (53.2% to 45.3%; P , .001) ( Table 1 ). The percentage of infants exposed to antenatal steroids increased (80.9% to 88.4%; P , .001), as did the percentage of infants with an Apgar score ,4 at 1 minute (18.3% to 22.5%; P , .001). The percentage of infants with a major morbidity decreased (44.2% to 34.9%; P , .001). Geometric mean length of stay increased from 48.5 days in 2000 to 53.0 days in 2013 (P , .001).
From 2000 to 2013, average GV, both unadjusted and adjusted for infant characteristics, increased (Fig 1) from 11.8 g/kg per day in 2000 to 12.9 g/kg per day in 2013. Changes in growth over time are shown for specific subgroups of infants in Table 2 . Increases were observed across all infant subgroups. The rate of increase diminished with time with most of the gain occurring before 2005. Additional adjustment for exposure to assisted ventilation and major morbidity produced nearly identical estimates of changes in average GV, 11.9 g/kg per day in 2000 and 12.9 g/kg per day in 2013.
From 2000 to 2013 the percentage of infants with postnatal growth failure decreased from 64.5% to 50.3%; the percentage of infants with severe postnatal growth failure decreased from 39.8% to 27.5% (Fig 2) . The changes observed in postnatal growth failure over the time period were not unique to any subgroup (Tables 3 and  4 Interquartile ranges at the 648 hospitals with data in 2013 were 12.3 to 13.4 g/kg per day for average GV, 41.1% to 61.7% for postnatal growth failure, and 19.4% to 36.0% for severe postnatal growth failure. For the 254 hospitals that participated in the analysis for all 14 years, average GV increased by 1.1 g/kg per day, whereas postnatal growth failure decreased by 14.8%, on average, and severe postnatal growth failure decreased by 12.3%, on average.
DISCUSSION
We observed that GV during the initial hospitalization after birth for infants weighing 501 to 1500 g increased from 2000 to 2013 with associated decreases in the percentages of infants with postnatal growth failure and severe postnatal growth failure defined as discharge weights less than the 10th and third percentiles for postmenstrual age, respectively. The increase of 1.1 g/kg per day in average GV was We used the 2-point exponential model for calculating average GV described and validated by Patel et al. 21, 22 They compared calculating GV on the basis of the interval from birth to discharge as was done in the current study, with GV calculated by on the basis of the interval from the day on which birth weight was regained to discharge. Calculations based on the entire birth to discharge interval produced estimates of average GV that were ∼3 g/kg per day lower than values generated by using the day on which birth weight was regained as the starting point.
GV varies over the NICU stay. 27, 28 The 2-point exponential model that we used calculates the average GV from birth to discharge. It is nearly equivalent to the average of the individual daily GVs one would obtain by dividing the daily weight gain on a day by the mean weight in kilograms of that day and the preceding day. This equivalence holds as long as the daily weight gains are small relative to the daily weights (Supplemental Information).
Measures of postnatal growth failure, also referred to as extrauterine growth restriction or extrauterine 7, [29] [30] [31] at the time of hospital discharge, 32, 33 or at 28 days after birth. 34 Measures based on z scores at discharge and the differences between these scores at birth and discharge have also been used. 8 Although the goals for nutrition management of preterm infants are to achieve a growth rate and a composition of weight gain similar to those of a normal fetus, 1 the optimal rate of growth is unknown. Higher GV during the postnatal period for preterm infants may increase the risk of health problems in adulthood. 37, 38 Longer-term follow-up studies are required to assess variation in GV and the risk of metabolic syndrome, hypertension, and cardiovascular disease in adulthood.
Experts have recommended a variety of nutritional practices to enhance growth in preterm infants, including early initiation of parenteral nutrition, increased protein administration, early initiation of enteral feedings, and a focus on human milk and breastfeeding. [13] [14] [15] [16] [17] Other factors may improve weight gain such as exposure to biological maternal sounds 39 or single-family room care. 40 Although the optimal nutritional strategy for preterm infants is unknown, the high rates of postnatal growth failure and the wide variation in rates among NICUs suggest that quality improvement efforts related to nutritional management may have a role to play in improving nutritional support and growth for preterm infants. Using a Delphi process and expert panel, Profit et al 41 identified GV as 1 of 9 key measures included in the Baby-MONITOR, a composite indicator of NICU quality. Several quality improvement collaboratives have focused their efforts on improving nutrition and growth.
Kuzma-O'Reilly et al, 42 in a quality improvement collaborative sponsored by the Vermont Oxford Network, identified, tested, and implemented a series of potentially better practices 43 designed to improve nutrition and growth. The potentially better practices included consistent and comprehensive monitoring of growth and nutritional intake, the early initiation of enteral and parenteral nutrition, consistent systematic advancement of enteral feedings with clear guidelines for withholding feedings, and human milk as the preferred nutritional substrate for premature infants. Implementation of these practices was associated with improved nutrient intake, better growth, and reduced length of stay. Bloom et al 44 identified meaningful differences in nutritional practices for VLBW infants among units in a private neonatology group by comparing sites with high and low weight gains during the first 28 days after birth. Providing performance feedback and education regarding these practices resulted in an increase in the average daily weight gain during the first 28 days after birth. Lee et al, 45 in a quality improvement collaborative sponsored by the California Perinatal Quality Care Collaborative, tested a change package designed to increase human milk feedings for preterm infants. Implementation of the change package resulted in a sustained increase in breast-milk feeding and a decrease in necrotizing enterocolitis. The effects on postnatal growth were not reported.
There are several limitations to our study. We did not have data on nutritional practices over the study period and thus cannot associate the changes in growth we observed with specific changes in nutritional practice. However, our findings that the changes in growth cannot be explained by changes in patient characteristics or major morbidities over the study period suggest that changes in medical practices likely play a role. Length of stay increased significantly during the study time period, which could have influenced the improvement in weight gain velocity. However, because average GV increased across all lengths of stay, we do not feel that it is responsible for the observed increase. Although nearly 20% of the cohort was small for gestational age at birth and might be expected to continue to be growth restricted at discharge, after controlling for size for gestational age we observed virtually identical estimates.
Our growth data were limited to weights at birth and at discharge. We used these weights to calculate an average GV over the NICU stay for each infant using the 2-point exponential model. 21, 22 It is known that weight GV changes over the NICU stay. 27, 28 Differences in the patterns of GV over the stay that would not be reflected in the average may be important. However, the association between average GV and neurodevelopmental outcome and its simplicity suggest that this measure is a reasonable summary indicator of growth for identifying the nutritional performance of an NICU. Another limitation of our study is the lack of follow-up data on neurodevelopmental and growth outcomes. How the increased GV and decreased rate of growth failure we observed will affect these longer-term outcomes is unknown.
The hospitals included in our study changed over the study period. Because nearly identical results were obtained when the sample was restricted to hospitals participating for the entire period, this finding suggests that the changes we observed were not due to changes in the hospital sample over time. Finally, our study includes only infants cared for at centers 
